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Genetic Diversity and Population Structure of an Endangered Species:
Tsoongiodendron odorum Chun
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Abstract; In this study, 13 7. odorum populations was analyzed using inter-simple sequence repeat ( [SSR)
markers to investigate the genetic diversity and structure. Eight primers produced discernible markers were applied.
The percentage of polymorphic bands at the species and population level were 79. 67% and 46. 84% ,respectively.
Shannon’s phenotypic diversity index at the species and population level were 0. 3880 and 0. 2192, respectively. It
indicated that T. odorum had a slightly higher level of genetic diversity than other related plants of the Magnoliace-
ae. The coefficient of genetic differentiation( @y, ) was 0. 3752 by molecular variance analysis( AMOVA ) indicating
the differentiation among populations was significant. Using STRUCTURE program and UPGMA method , the popula-
tions were clustered into three groups. The result of correlation analysis showed that genetic distance was significant-
ly positive with geographical distance. The Nankunshan, Bijiasha, and Nongxiangshan populations should be given
priority for conservation,because these populations had the highest genetic diversity among all the 13 populations in-
vestigated.
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Table 1 Collecting data and samples sizes of 7. odorum

BN 5 A4 13 DEFAEFRER RS 4, R ISSR 41
FARC T H B AL Z2 AR K OF Fss AL 454, LAY
G AAE R — Bty & 5t P Rt vl S 48 ER 8 1)
T AL B AR T, A SR A 38 A
TR ES AR

1 MRl57EE

1.1 ##

HRAEWI R TLVE AR B TP a6 A
(X)) 585 3 IRARMIR IR 2 24 ek, T 2011 44 H
201249 A, AT 32 AE (ARG X)W
AT A B, DA R 1 R A WG A AR A 4 B
PLE AR (B A SRR ) SRAE HLR AR 13 S FhfE
253 BRAMA (RERRIIFE S 100 m DA ) o BFAMRAER
BEIT ST RIVRCA A Rk ) % B, R E SR A%
PR Y b A, B R AR (3R 1 BT 1) o B A (]
SEH e BUR R = 70°C vkAs HARAT

e (VAT SH(E)  HEN) K (m) BRER
Population Location Longitude Latitude Altitude Sample size
NXS S FEA L A SR P9 X Nongxiangshan Natural Reserve , Guizhou 109°12’ 25°46' 230 21
YK 1R IR T A SR4%4'1X. Yuankou Natural Reserve, Hunan 110°59"  24°58’ 610 26
BJS JUREESIL AR X Bijiasha Natural Reserve, Guangdong 112°01’ 24°25' 580 28
NKS AR R L A AP X Nankunshan Natural Reserve , Guangdong 113°52' 23°38’ 457 32
CBL JUHR A NIE BRI IX Chebaling Natural Reserve , Guangdong 114°10' 24°41' 310 18
FX IR FEE HIRREP X Fengxi Natural Reserve, Guangdong 116°46' 24°36' 407 4
JGS TEVE IR A SR P31 X Jinggangshan Natural Reserve , Jiangxi 114°15’ 26°36' 354 17
MX VLV E% SCEAMZEM I Mixi Forest Farm, Chongyi County, Jiangxi 114°10' 25°39' 413 25
MZF VLV KA BE TFU6AK3% Maozifeng Forest Farm, Dayu County , Jiangxi 114°06’ 25°19’ 401 22
JPS VLV 43510 A S8 £ 9 X Jinpanshan Natural Reserve, Jiangxi 115°13' 25°14' 338 20
JLS YEVE JLE L A SR P47 X Jiulianshan Natural Reserve , Jiangxi 114°28’ 24°39' 590 24
CY VLV 52 g ELZXFH#K3 Caiyang Forest Farm, Dingnan County , Jiangxi 115°07’ 25°01’ 570 11
MRS JUPEXZA LI H SRR IX. Maoershan Natural Reserve, Guangxi 110°26' 25°42' 380 5
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Fig. 1 Geographic locations of 7. odorum populations sampled
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1.2 AHik
1.2.1 E[F 4 DNA 2B ISSR-PCR ¥ Z%
REZEET )5 32 FH Biophotometer #2153
AR I DNA F5 i2 FI4E | Veriti 96 well Thermal
Cycler PCR ¥ #44S06 BT A7 S FE A iE 4T PCR &35,
HLIK =PI G-BOX $RAMEERE AR R G 5E
1.2.2 HRSH A THEE PCR 1™ HL kK
A, BT ISSR ARic o BAERRIC, B A
WD v PN BN pS By S i B 2 VA =l o s s
Syt 1R 0, # i —0T ISSR 43 Fh i B4 AR
W, %M POPGENE 1.31 #4E!"™) A5 Wy fh 5 Fhike
ZRMRW A TR(P = 2B AW DA x
100% ) FhEE PN FIFREEE] Shannon 36 7 22 FE 18 %k
(H=- Zpilogzpi ,p R i 25 ISSR 4 54 2541 (145
R, PR ZAEEA S (Hy, - Hyp )/ Hg, , FIEE
WZ R 53 Hyp/ H, 20 Hy, (H 3 500 2678 i
A IR R ZREMEAR BT R AR

* M ARLEQUIN 3. 172" v 5y 4y 7 75 2% 43 #r
( AMOVA , analysis of molecular variance ) #4158 Fh
FEN FIBERBHE T 22 001 o), | o PR BHR 0 4k
R D, VST XS RSG5 R AL D, 352
1577 22 53 BRSO RV RE S A AL R A St i 2
B2k FH 1000 YCE BT

TR I 2 3 4 ' A o A st A 2 A, R
STRUCTURE 2. 3. 1/ %} if 45 1SSR 5 i 4% 4k 17
Bayesian 43T, 400 5 B 41 50 H B AR BT 7 19 41

(bp) M 1 2 345 678 910111

o ALRERCH (K) BEE N 2 ~ 13 (SR i Y 2
H)  MBOE A s #2057 1 #5 IR e v bRt 2
AR FHAEIR A (no admixture ) £ A K Length of
Burn Period #%¢ >4 10000, MCMC ( markov chain monte
carlo) & 10000 ; P K {Hiz 1T 20 K, KA AR IR
M AR B JE SR LoP (D) (HITH AK
i, 280 AK th£k B, #%18 G. Evanno 2" #2111
WAE ALnP (D) e 5, HE B i 5 38 RS 20 1 4L
HK,

KM NTSYS-pe 2. 1 BAEXSFREE] @, G2 1T
PR B HEATAR A FE 4. ( UPGMA |, unweighted pair-
group method with arithmetic-means ) 22 43#7, 2 il
AR R 2 &, R T L Hh ] (hitp://map. sogou.
com) T 13 ASUDGAEY A= A (] i 5 75 | Mantel
B2 50 43 BT IR (B) 7Y b 2B 8 R st % B B A G
P IFHEAT W F PRGN (1000 YEHR) |

2 GR5HH

2.1 ISSRIREY LR

M 100 4% UBC ISSR 5149t ve i 8 Z5REMEY 1
HERE JHMISCHERY ISSR 514, S 13 SUEAR
FPIE 253 BEASARSLY 18 182 4%, 2B M A AKX
145, BT | S 22 S BUEE 14 ~20 2Z 0],
PRI SR A TN 79.67% (£ 2)
ISSR 4" 34 W) 1) 431 K Z7E 150 ~2000 bp Z[H],
#B53 ISSR ¥ 5 R LA 2,
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Fig.2 The ISSR-PCR result of parts of samples using primer UBC840

2.2 ThEEfEZEN

HAE ISSR 97 315 19 43 + %4, Il POPGENE
1. 31 BN B3 R LS A £ B B 1) 3t % 2 e PE S
BOLER 3, 3 AL WROKE DGR 28k
25 @ 43R (PPB) 1 Shannon 3 % £ ¥ 1 45 8
(Hy) 53510 79. 67% Fi1 0. 3880 ; 45 FlfiE 2 5 4%
H 43R (PPB) fl Shannon R ZHEMEFEEL(H,pp ) 57

BIH15.38% ~62.64% 0.0824 ~0.2873, FHrf F
ELLLAPHE (NKS) 38215 Z2 P d5 =5 ( PPB = 62. 64% ,
Hy,p =0.2873) , FE B FE (FX) i 15 2 8 P K
(PPB =15.38% ,H,,, =0.0824) , FPE L 251k 500
H %% (PPB) 1 Shannon B ZAEVEFEEL(H 0 ) BY
SEIY(E AT R 46. 84% F10.2192, 1 Shannon F Y
SRV BO TR R RE () ZRE PR 41404 0. 3923, Fh
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Table 2 ISSR primers and their amplification results

FPoI(5' -3") R ZAMRNEL

5% i HH(%)

Sequence Total Polymorphic
Primer Percentage of

(5'-3") bands bands

polymorphic bands

UBC824 (TC)4G 25 20 80. 00
UBC835 (AG)gYC 23 17 73.91
UBC840 (GA)gYT 25 20 80. 00
UBC841 (GA)gYC 26 19 73.08
UBC3853 (TC)gRT 18 16 88. 89
UBC854 (TC)4RG 23 19 82.61
UBC874 (CCCT),4 23 20 86. 96
UBC3881 (GGGTG) 4 19 14 73. 68
-4 Mean 22.75 18.75 79. 67

R3 13 MVEARFBIRE ST
Table 3 Genetic diversity among the thirteen populations

of T. odorum based on ISSR markers

Fh#E Population PPB( %) Hpop

NXS 57.14 0.2778
YK 52.20 0.2216
BJS 59. 34 0. 2854
NKS 62. 64 0.2873
CBL 53.85 0. 2460
FX 15.38 0. 0824
JGS 51.65 0. 2295
MX 50. 55 0. 2541
MZF 44.51 0. 2056
JPS 46.70 0.2165
JLS 48.35 0. 2231
cY 49.02 0.2253
MRS 17.58 0. 0948
3 Mean 46. 84 0.2192
IFh Species 79. 67 0. 3880

2.3 ThEEESEN

AMOVA 8RR (£4) , Py, =0.3751(P <
0.001) . XULHT, ZIR 0 13 A VDEAFPFENR] 35 448
S EAR A 37.51% R BE N AL AR S AR S
(4 62.49% , — AR Rl 1L Ak REUNT
0. 05, FhHE[H] 3515 43 L AR /N F 0. 06 ~0. 15 Z[H],

1.00
0.80
0.60

S .40
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MRS
3 WMAEK 253 BRAMER RS

Fig. 3 The genetic structure of 253 T. odorum individuals
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PRI 477 rp 2 B8 38 AL 20K KT 0. 16, Rl [H]
WAL LW KT 0,25, istAE A ARAR K, H i AT
UL WA B A ol R ) 47 A 35 A9 gL oAb, R
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T4 WhRKMBELSFHESH
Table 4 Molecular variance analysis ( AMOVA) of T. odo-

rum populations

BRE
7 5 SR U BIs e gy
A

A ) (%) PIE

Source of Sum of Variance
o df Percentage P-value
variation squares components

of variation
ATl 12 2414.719  9.6541 37.51  <0.001
Among
populations
FHE 240  3859.597 16.0817 62.49  <0.001
Within
populations
JAA Total 252 6274.316  25.7358
Dy (%) 0.3751

Bayesian 73 BT 45 R 3R W, i A 209 253 HRW
TR A BRATLH A 3, (B 2548 ILIET 3
3 YAk bR Q (B F s AR R AR T 8 A TR 4B A L
B, e (HBE D SR (AR EE(HBED) 2
SRR A ), FEARAATE 3 Ao Rh i K
MBI EHE TR R BT E g i, B3 BoR,
HBET(L0(0) EE4R 1L (BIS) ARG R L ( NKS) Fit
(AR ZE 1 2R I (268 ) i S AR L (NXS) |
PRI (YK) LI (MRS) i oy 28 A AR 2 B 2
FEIL (W5 €0 R (JGS) IEH T (MZF) 4310
(JPS) Ju# L (JLS) EEFH(CY) (4 /\I& (CBL) i
B(MX) FR(FX) P, S0 1H >0.6 M
Rt AR B — (AR R B 247 R (98. 42% )
TER—HBEP Y Q {8 >0. 6, HEM HE 2 A% 2 —
AR 53 B A R 2R TS TR 7 6 Bk (42 /NS FEE 1
PR, FRAIHE 4 Bk BB ANEE | BR) ZEAEATLLRE D Q
HAB<0. 6, ULEA L% R b 2%

JGS CY JPS MZF JLS CBL MX FX
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AMOVA T 53 (4 J F B 3 18] 358 1% 4 1k R 2
(D) 1E 0. 0066 ~ 0. 6580 2 [i], 4% Fh 7 8] it 1% 73
IR E W E K (P <0.05) (£ 5)  He, PG4
JLHI(MRS) 577 & F- 8 (FX) BBt 4% 401 & 4L
(@ =0.6580) F K, )~ P LI (MRS) 5 e
H(YK) BB 2 ] 38t 1% o0tk R B /D (@, =

0.0066) , HIFEEE /K I, StM SR A L (NXS) 5
JUARFEE (FX) BBz (787 km) , VL PG B %
(MX) 5 iF ¥ 0 (MZF ) Fhff 5 (33 km) . Mantel
AH OGP e A e 5 Y v [R5t A4 R B D, 5 L 3R
BEES Z 8] 1Y IEAH A et 2= & L (r =0. 6635, P =
0.002) (K14),

R5 VAABFEMHE O, HEE(NABETH) SHEERS (kn, AL ER)

Table 5 Pairwise estimated @, values(below diagonal) and geographic distances( km,above diagonal ) among natural popu-

lations of T. odorum

Tl
NXS YK BJS NKS CBL FX JGS MX MZF JPS JLS CY MRS
Population
NXS 247 370 557 532 787 517 547 546 585 571 611 136
YK 0. 1468 * 134 322 312 573 369 326 351 418 356 403 117
BJS 0.2850 " 0.3091 * 188 208 472 340 269 275 307 249 299 249
NKS 0.3184" 0.3346" 0.1440" 123 315 333 252 205 220 130 174 429
CBL 0.4307* 0.4774* 0.3322" 0.2985" 266 221 105 93 123 43 90 401
FX 0.4722* 0.5275* 0.3103" 0.2708* 0.2319" 340 275 246 205 226 179 655
JGS 0.5107* 0.5496" 0.3882" 0.3719* 0.3116" 0.4493 " 108 133 179 234 228 393
MX 0.4647" 0.4968 © 0.3543* 0.3172" 0.3095"° 0.3914" 0.0954 " 33 99 125 120 400
MZF 0.5160" 0.5423* 0.4071" 0.3746" 0.3412" 0.4482" 0.1978" 0.2067 " 71 102 93 420
JPS 0.4952" 0.5339" 0.38384" 0.3724" 0.3510" 0.4554" 0.1800" 0.1701* 0.1091 107 58 491
JLS 0.5082" 0.5473* 0.4306" 0.4259" 0.4208" 0.5280" 0.2367" 0.2203" 0.1802" 0.1426" 64 439
CY 0.4740" 0.5147" 0.3679" 0.3413* 0.1886" 0.3754* 0.2701" 0.2873* 0.3236" 0.3260" 0.3843" 471
MRS 0.1787* 0.0066* 0.3097 " 0.3264" 0.4883" 0.6580" 0.5723* 0.5016* 0.5504* 0.5415" 0.5520" 0.5519"
TAIR P <0.05 KIS B
* represents significant difference at 0. 05 level
0.61 NX§ —— |
: ]
=1 L
ks 0.5 BJS
= NKS
2 04 FX I
3 CBL
8 03¢ CY
® e
& o02f MX I
= MZF
"ﬂ 0‘1 | JLS r T T T 1
0.0k . 0.01 0.12 0.24 0.36 0.48

260 460 660 860
HFRPE BS Geographical distance
4 HEEEESMIEEEEXE
Fig. 4 Correlation between genetic distance and

geographical distance of all populations

FETAERIS AL /1L R Dy, 1) UPGMA H
SRR TR AL R B 0. 36 MIRME R E T,
13 AFEER] 3R 3 K, B M SR AR L (NXS) (T /e
JEETCYK) PR JLILAREE (MRS) W5 T 258
J"ZREEELIL (NKS) (4211 (BIS) . %E /N4 (CBL) |
FEE(FX) JLPGEEPH(CY) FREER S T 28R VIV
FERIL (JGS) BBER (MX) | IE F U (MZF) . 441
(JPS) JUZE L (JLS) FPEER R M2ERE (K S) o

BAL4rL R 2L Genetic differentiation coefficient

BS5 IAFELER UPGMA RESHE
Fig.5 Dendrogram of T. odorum populations

by UPGMA method
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RS (PPB =80.9% ,Hg, =0.3629 ) FAR —
B, SRR HAFE YA L, Y FhoK V8% 24
P F UG Fh A6 R SE Manglietia deciduas ( PPB =
17.28% ,H, =0.0659) > K H A% Magnolia amoe-
na ( PPB = 24.40% )™ | K R 3% Manglietia grand
(PPB =70.71% ,H,, =0.3651) ") 428 T4k B &%
Michelia chapensis( PPB =81.98% ,Hg, =0.4751) "',
WA TR ZE MK Liriodendron chinense (H,, =0. 5806) |
U RS EMK L. wulipifera (Hg, =0.6187) % Ko )™ Fii kit
ALK Manglietia yuyuanensis( PPB =86. 11% ,
Hg, =0.4353) 70 sXRB WEAF A F77E %5 F
AL AR S YRR AR

WG A B RE 2 P 457 1 70 3 (15.38% ~
62.64% ) 1 Shannon % % Z 1 45 %% (0. 0824 ~
0.2873) 4% SOk, LR A Al fig 5 AR B H A
S AN AR R (FX) AR X AU 4 Bk
AW , 35348 ZAEMEIRAR, o nT BE -5 R i Ak
AR A — 5 BRI
3.2 MEHRESEN

FPREELAL 70 A R B PPN R S5 A4 45 R 1) i 2
SR, HREIEETIXE 4 A B A R I 45 A
Fo, A WF 98 200 13 A B AR bR 35t 4% O Ak R AL
(Dg =0.3751) R THMREER (D, =0.2495) , 01
B T A E R RAPD Xt 4 AE7 A FEERF 5% /)
Z5R (D =0.2701) , X W] RS2 1 T SR e E
SRR YA H AR i s Y

R TR 35 1 5 40— RO Bl A L &R &8 b1
AT AT s AT X ORI R R B VR R 25
U5 H. Nybom"™ X 116 Bl ¥ Fi it ik 1 43
TEER G oA 1 B 08 H A, W' AC BT A o a5t
o3 2% (0.3751) | T3 22(0.27) , KT HK
(0.65) ,BEAK TR G 2CHL (0. 40) RGAEY), iX 50
JEAR RS AE A YRR IE AN AT, AT RS2 DG A R
Z I8 22 s L BEL R, ke 7 R ) 382 4% o3 Ak
TBh (0. 27) SOKEAER T (0. 25) MR TH S L4k
(0. 45) MY, WTRE S 528 mith Bl =& H
ARG N 18 W S R RPN 2 S
P @ TREMMAA (0.25), 5 1 #
(0. 34) ARHIT , BoAS BAF G WG A Ry 2481 15 KT
A oA XE) T B A oA R AE

[t STRUCTURE £ UPGMA 255 | A~ A4 &
FAXS B — (Q=0. 6) BRI HFELE WA o0 B 77 0k w26
FER o A — B, MR GOk I 8% 2 LA R

22(Q <0.6) WFRRE, AR A L2 5 R
T2 AR B — A A L (NXS) TR (YK) LI
( MRS) FhBEAE STRUCTURE 43 A il ) 20 WA RE T,
£ UPGMA REHrh Ry —25, WEABEd
B E 58 A MR i BB, a0 42 N8 (CBL) | F &
(FX) FBE (MX) F#E , 7 STRUCTURE 43#7 7 4% il
Iy — 25, (B AE UPGMA B 2K 43t b, 45\ 1%
(CBL) , FIR (FX) M 5/ B 1L (NKS) 2421
(BIS) ZEBH(CY ) Pl RN — M, M RLIZ (MX) Ff
FES XL (JGS) ¥ (MZF) & &1 (JPS) L
L (JLS) RVEESR N o5 — 25, XA IR G A HoAth—
SEAH W) Rl 45 44 3 W P A e SR I 200
Mantel HH SCPERE B4 A 56 A Ry, W56 AR B a5t 4% 5 B
5 b R B AR OCHE A e 2R X X R W 3
B 25 FE AP 5t A% A A FH B I B, X 55T
N FE s A —2 7
3.3 BEEFIERP

BT E LS ST A ) 2 R S A A
Z— MR AR O TAE, ARF R, R
BRAF A CAR TS A FIEAR N (AL R AR R ERR 5
BT 1AL 78 S X BEDUD AR R e 5 A% 11k
WK, I W A BN, WA B G )R
HATRe S H A AL BT 58 KEAHRISE FA
AR FRF  FHOL AR S5 SRA RIRTE
IARERZEAR, BIRUDEARM X (HEE
IIAAENISRAEAL S ], NS S L I R A A7 A
B EHR s il fE R e B R,

H A, SRAF A B A FREEAR /N R Wik 0 A
FEE A AR SE R EERRAE , 25 7= A 3B AL AR FIE AE
FIRMBAL G A T R R BOst G SRR A FE 45
{0 B PR R SR RIAE A5 3 AR, S 22 ol 0 o T i 114 2K
SRS R, TR A I A4 PR AR TR0 1
JEBE, FETAMIRE R s 2R ) Am R
LI(NKS) J7ZARZEZR I (BIS) K5t FEAHIL (NXS)3 A
B AR, IMABCR IR AR AT B R AR S
IR, R, R I A K AR A SRR, 55 1 )
W05 1 E AR T AR, DL R [ 4%
YCEME s G Z R RS X RRITEE 1000 m LA
AL VAR  BESGHA T B AR, XGNP E
[P 110 0 7 == 8 IR (TRt K cd: e sl

AW IEHEE T ISSR Fnic WF 52 WG AR Tl it %
RS LSS, IR T L fa pL] . R4S 1S-
SR tnic BT 280k m S AR B MR AR A
A2 AR RRIC , 3RAS A0 43550 2= 2 R R S | 3L
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ZEIRAUE 7R T W CA R A A 3 DR 2L a8 A5 70 S A
Lo AR K | AN BE A 58 35 [A] 22 254 K R DR it 3l K
INERIREB G E SRS AR S DG AR
AT AL (% SRR R SRR ) 1y 28 S, 5
Ah,ISSR #7125 SSR (simple sequence repeat) ,AFLP
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